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ABSTRACT 
Past research has firmly established the importance of knowledge sharing in R&D 
settings. However, current theories provide limited, biased, unsystematic and conflicting 
perspectives on the origination of knowledge sharing and are thus of limited guidance for 
knowledge management practices in R&D. To integrate and extend these fragmented 
insights we undertook two exploratory field studies of knowledge sharing in industrial 
research organizations. The contributions of this study are the following. First, we 
introduce three dimensions for differentiating origination mechanisms for knowledge 
sharing. Second, we show that some of these mechanisms correspond to mechanisms 
assumed in particular streams of literature, whereas others have so far been neglected. 
Third, based upon our field studies, we show that each of these knowledge sharing 
mechanisms has a different value for industrial research practices. Therefore, knowledge 
management in R&D should facilitate and stimulate a broad portfolio of knowledge 
sharing mechanisms. 
 
  21. INTRODUCTION 
Researching and developing new technologies, products and processes requires an 
enormous amount of knowledge. The development of a new display technology, for 
instance, may require knowledge of physics, mechanical engineering, chemical 
engineering, electrotechnical engineering, information technology, marketing and so on. 
Given the limitations of human cognition, it is impossible for any one individual to be an 
expert in all those fields. Even within one field, it is unlikely that one can keep ahead of 
all new developments. Individuals specialize, contribute to particular projects, gain 
experience and develop their own perspectives. For that reason, firms can be considered 
as distributed knowledge systems, in which knowledge is distributed (i.e., dispersed) over 
members of the organization. A major advantage of distributed knowledge systems is that 
they are able to keep much more knowledge within their boundaries than a system in 
which all members have the same knowledge. This enables a system to carry out a wide 
range of tasks, like those that are required during the development of a new technology. 
This perspective on organizations as distributed knowledge systems is advanced by the 
Knowledge-Based Theory of the Firm (Kogut and Zander 1992; 1996; Grant 1996a; 
1996b; Galunic and Rodan 1998; Okhuyzen and Eisenhardt 2002), studies of distributed 
cognition (Hutchins 1995; Tsoukas 1996; Madhavan and Grover 1998) and studies of 
transactive memory (Wegner 1987; Hollingshead 1998; Moreland 1999; Austin 2003).  
  Though differentiation in knowledge enables an R&D organization to function as 
a distributed knowledge system, research and development activities require knowledge 
sharing as well. Members of the R&D organization need to share knowledge to create 
common understanding of the problems at hand and to coordinate activities (Katz and 
  3Allen 1982; Hoopes and Postrel 1999). Furthermore, R&D project members often will 
not find all the appropriate knowledge within their group and must therefore import 
information and ideas from outside their group or project (Tushman 1978). Also, 
innovations often arise from the re-combination of pieces of knowledge, which may be 
present at different places in the organization (Galunic and Rodan 1998). These and other 
reasons explain the positive contribution of technical communication and knowledge 
sharing to the performance of research and development activities, which has been found 
repeatedly in decades of research (e.g., Pelz and Andrews 1966; Rosenbloom and Wolek 
1970; Allen 1977; Tushman 1978; Keller 1994). The importance of knowledge sharing 
may even be increasing, given the acceleration of technical knowledge creation and the 
rising strategic importance of knowledge (Badaracco 1991; Nonaka 1994). Therefore the 
field of knowledge management has set out to improve knowledge sharing within 
organizations in general (e.g., Davenport and Prusak 1998) and within R&D in particular 
(Kerssens-van Drongelen et al. 1996; Miller and Morris 1999; Collinson 2001). 
  However, current theories only provide limited, biased, unsystematic and 
conflicting perspectives on the ways in which knowledge sharing originates and therefore 
offer limited guidance for the practice of knowledge management. The origination of 
knowledge sharing refers to the ways in which it can be brought about that a particular 
person deploys particular knowledge in communication with someone else. The 
origination of knowledge sharing is far from trivial. Organization members cannot 
oversee all possibilities for useful knowledge sharing (Galunic and Rodan 1998; Huber 
1991: 107). They are confronted with ‘radical uncertainty’ (Tsoukas 1996). That is, they 
often do not know what extra knowledge might be relevant for them or for others.  
  4Different streams in the literature make limited and contrasting assumptions about 
the origination of knowledge sharing. First, a large share of the literature assumes that 
knowledge sharing is initiated by someone searching for a specific piece of knowledge 
and retrieving it from somebody else who has it. This mechanism, which can be called 
‘information retrieval’, is assumed in many central empirical studies on the subject of 
technological knowledge transfer (Szulanski 1996; Hansen 1999; Hoopes and Postrel 
1999; Borgatti and Cross 2003), transactive memory studies (e.g., Wegner 1987; 
Hollingshead 1998; Moreland 1999; Austin 2003) and in the information seeking 
literature (e.g., Pinelli 1993; Leckie et al. 1996; Anderson et al. 2001). A second 
mechanism that is assumed in some bodies of literature is the contribution of information 
to a group discussion on one’s own initiative. This mechanism is presupposed in the 
literature on information pooling (Stasser and Titus 1987; Stasser et al. 1995; Okhuyzen 
and Eisenhardt 2002) and suggestion systems (van Dijk and van den Ende 2002). Third, 
the dominant knowledge management literature has focused on the realization of 
knowledge transfer by collecting knowledge and making it available at a central place 
(e.g. Hansen and Haas 2001). Finally, literature on collaborative problem solving (e.g. 
Okada and Simon 1997) and brainstorming does not focus on the transfer of existing 
information or knowledge but on the creation of new ideas in interaction.  
So, different streams of literature have worked with contrasting models of the 
knowledge sharing process. These differences, however, have not been acknowledged, 
nor have the suggested mechanisms been systematically compared. Different perspectives 
have been pursued in relative neglect of each other (Mohammed and Dumville 2001). 
Particular mechanisms may have been overlooked. Consequently, someone attempting to 
  5facilitate knowledge sharing in R&D is likely to start with a biased and too narrow 
perspective.  
In order to integrate and extend these existing views, we undertook an exploratory 
study of knowledge sharing in two industrial research organizations. The contributions of 
this study are the following. First, we introduce three dimensions that can be used to 
differentiate knowledge sharing mechanisms. Second, we show that some of these 
mechanisms correspond to those assumed in particular streams of literature, whereas 
others have been neglected. Correspondingly, we identify a number of biases in the 
current literature. Third, based upon our field studies, we show that each of these 
knowledge sharing mechanisms has a different value for industrial research practices. 
Therefore, the main lesson for knowledge management in R&D is to facilitate and to 
stimulate a broad portfolio of knowledge sharing mechanisms. 
 
2. METHODOLOGY 
Recent ethnographic studies encourage the study of knowledge sharing in its natural 
context (Orr 1990; Cicourel 1990; Lave and Wenger 1991). Work-related communication 
in laboratories is an integral part of the work of researchers (Allen 1977; Lynch 1985). To 
investigate the ways in which knowledge sharing originates requires attention to the 
actual practices of researchers. Further, in order to evade existing biases and assumptions, 
an exploratory research approach was considered appropriate. Therefore we undertook in-
depth, ethnographic field studies of knowledge sharing in two industrial research groups. 
Between April 1999 and December 1999 communication between researchers was 
studied in the Group Buijs, part of the NatLab, the largest laboratory of Philips Research. 
  6The Group Buijs consisted of about 25 research scientists and research engineers, 
working in the fields of solid mechanics, fluid mechanics and thermal physics. Their 
work included support for the development of optical storage systems and display 
technologies. Between March 2001 and September 2001 a similar study was done at 
OGIR, the exploratory research group of Shell Global Solutions. The mission of OGIR is 
to generate innovative technological options for sustainable development in the areas of 
energy and mobility. The members of OGIR were, for example, concerned with research 
for biofuels and for hydrogen as an energy carrier. 
These field studies can be classified as passive participant observation (Spradley 
1980). One of the authors shared rooms with some of the researchers, followed them in 
meetings and their laboratories, had coffee breaks and lunch with them and joined other 
social occasions. But he did not actively participate in their research. In the first phase of 
the field studies, interviews were held with most of the group members. In the second 
phase, a number of researchers was followed closely for several days. Their knowledge 
sharing activities during these days were observed and a part of them was tape-recorded. 
Before and after interactions the shadowed persons were asked to clarify the meaning that 
these interactions had for them. In many cases we also spoke with their interlocutors 
afterwards, in order to learn their point of view as well. Some of the tape-recorded 
interactions were discussed sentence-by-sentence with the researchers, by reading the 
transcript and / or listening to the tape together. These post-hoc discussions proved to be 
important to understand these knowledge sharing episodes. The observed interactions 
comprised accidental meetings at the corridor, lunches and coffee-breaks, interactions 
between persons occupying the same room, organized meetings, reports, purposeful 
  7visits, telephone calls and e-mails. Only research-related knowledge sharing was 
analyzed. In total, more than 250 interactions were observed or documented and labeled 
with a number (e.g., E26).    
Field notes and transcripts of interactions and interviews were analyzed in line 
with the grounded theory approach (Glaser and Strauss 1967; Strauss and Corbin 1990). 
The grounded theory approach is a systematic way of building theory. Interactions were 
constantly compared and codes were developed to capture similarities, differences and 
relationships. The resulting coding scheme was tested and improved by having two 
coders apply it independently to a set of new interactions and by discussing differences. 
The improved coding scheme was used to code 102 interactions for quantitative analysis. 
Many of these remaining interactions were divided into parts, so that every part could be 
classified exclusively as a particular mechanism for knowledge sharing. This yielded a set 
of 227 episodes (comprising whole interactions or parts of interactions). From these 227 
episodes, 129 stem from the Group Buijs and 98 from OGIR. Preliminary findings were 
presented to both research groups. These checks with group members yielded suggestions 
for minor improvements, but did not necessitate major revisions. 
 
3. THREE DIMENSIONS 
The systematic comparison of knowledge sharing episodes and the intensive qualitative 
coding sessions have yielded three dimensions that can be used to distinguish 
mechanisms for the origination of knowledge sharing. 
 
  8DIMENSION 1: SELECTION OF EXISTING CONTENT / DEVELOPMENT OF NEW CONTENT 
The first dimension can be elucidated by comparing the following two episodes. In E1, a 
two-weekly group work meeting of the Group Buijs, Luke
1 is given the floor for a 
presentation of his research. He starts to tell about a stream of work that he has finished a 
couple of months ago. Then he tells about the problems he is currently working on. He 
describes some of his first results and explains what plans he has for the future. 
Now consider E37. In this episode, Marc has a problem with the coating of a 
certain object. During the coating process a particular pattern of irregularities is formed. 
He introduces this problem to Jason, who in turn asks for some details. Based on this, 
Jason forms a hypothesis on the cause of the problem: the coating liquid may contain 
water. He also thinks up a solution for this problem. In this particular conversation, which 
lasted only for about five minutes, another thing happened too. Marc exclaims at a certain 
moment: “I don’t understand it, for it is the same liquid as I am normally using, and then 
there is no problem. Only now I am using it in black.” A couple of seconds later he goes 
on: “But maybe … the pattern is there all the time, but you don’t see it. I might be seeing 
it now because of the dark color”. Marc comes up with a supplementary explanation for 
his own problem, explaining the fact that he did not notice the irregularities previously. 
In E1 Luke tells about his own research. What he tells is not new for him; he just 
expresses his existing knowledge about his own research. In contrast, in E37 both Jason 
and Marc come up with new explanations. Their explanations of the coating irregularities 
did not exist before this interaction. Therefore a distinction can be made between 
knowledge sharing that originates from a selection of existing information and knowledge 
sharing that involves the creative development of new hypotheses, ideas, questions or 
  9evaluations. However, except for the distinct literature on collaborative problem solving 
(e.g., Okada and Simon 1997) and brainstorming, knowledge management literature has 
treated knowledge sharing as comprising solely the transfer of existing information or 
knowledge.  
 
DIMENSION 2: DETERMINING ACTOR 
The second dimension that can be used to distinguish knowledge sharing mechanisms, 
concerns the actor who directs the selection or development of content. First, this can be 
ego, the person who shares his knowledge. Second, this can be alter, the person(s) ego is 
communicating with. Alter can direct the selection of information by posing a question to 
which ego responds. Third, management may determine the content that gets shared. This 
is the case when a manager, a group leader or a project leader asks someone to tell 
something to somebody else. Management may also be said to determine knowledge 
sharing when communication follows a formalized procedure. Think for example of 
many administrative systems and management information systems that prescribe what 
has to be communicated.  
This second dimension has partly been covered by the distinction between a push 
and a pull approach to information sharing (e.g., Rosenbloom and Wolek 1970: 39; 
Langrish et al. 1972: 73; Schulz 2001: 664). Previous research, though, has been biased 
strongly towards pull approaches (e.g. Szulanski 1996; Hansen 1999; Hoopes and Postrel 
1999; Borgatti and Cross 2003). 
 
                                                                                                                                                                             
1 Names have been changed in order to protect anonymity. 
  10DIMENSION 3: ORIENTATION 
The third dimension is the orientation of the origination of knowledge sharing. With what 
objective does one select or develop content? Does one have a particular problem in mind 
for which the sharing of knowledge is intended to be useful? We found four possible 
orientations:  
- an orientation at a problem of alter 
- an orientation at a problem of ego 
- an orientation at a shared problem 
- no orientation at a particular problem 
 
Consider E37 again. In this episode both Jason and Marc come up with new explanations 
for a problem Marc has. The contribution of Jason is oriented at a problem of alter, 
because it is Marc’s problem he is thinking about. However, the contribution of Marc is 
oriented at his own problem. He tells about his problem in order to get a reaction. Later 
on he develops a new explanation with regard to his own problem. Likewise, the 
selection and development of content can be oriented toward a shared problem or not be 
oriented at a particular problem at all.  
 
Although we do not rule out the discovery of additional dimensions, our further use of 
these dimensions confirms that these three dimensions are sufficient to pinpoint 
knowledge sharing mechanisms that are assumed in the literature and to uncover 
neglected mechanisms.  
 
  114. MECHANISMS FOR THE ORIGINATION OF KNOWLEDGE SHARING 
The identification of these three dimensions enables us to create a taxonomy of 
knowledge shairng mechanisms. Three dimensions, with respectively two, three and four 
discrete values, yield 24 logically possible knowledge sharing mechanisms. Out of these 
24 logically possible mechanisms, 16 were found in the episodes that were analyzed (see 
Table 1). Each of these mechanisms is described in detail in Berends (2003). In this 
section we will first discuss four mechanisms that were found frequently and that are 
assumed in particular streams of research. Subsequently we will describe three central 
mechanisms that have been neglected in the literature. 
 
DIFFUSION – SELECTION OF EXISTING CONTENT, DETERMINED BY EGO, NOT PROBLEM-
ORIENTED 
We speak of diffusion when ego communicates existing information without an 
orientation at a particular problem. The sharing of knowledge is not meant to help anyone 
immediately. Nevertheless it occurs frequently (26 out of 227 cases). We found several 
forms of diffusion. Both within OGIR and the Group Buijs researchers were used to write 
reports and publications and to give colloquia to report finished research. Another form 
of diffusion is telling stories of successes or failures during lunch or other social 
occasions. An example of diffusion is E206. Two researchers at OGIR have installed a 
new piece of measuring equipment that is unique in the world. To celebrate this joyful 
occasion they invite all group members for a cup of coffee and a piece of cake. During 
this meeting one of them shows the apparatus to the group members and tells proudly 
about its features and about the preliminary results obtained with it. 
  12  Storing information on an intranet or in a library can also be considered as a form 
of diffusion, since the content of what is stored is often determined by the author and is 
not oriented at a problem someone has at that moment (e.g., Hansen and Haas 2001). 
Therefore this mechanism corresponds to the model of knowledge sharing in much of the 
mainstream knowledge management literature. However, it should be acknowledged that 
retrieving information from an intranet, usually is enabled by a search engine, which 
gives alter more say in the actual determination of what knowledge gets, indirectly, 
transferred.  
 
INFORMATION RETRIEVAL  –  SELECTION OF EXISTING CONTENT,  DETERMINED BY ALTER, 
ORIENTED AT A PROBLEM OF ALTER 
This is the mechanism that is assumed and described most often in the literature. Alter, 
someone in need of a particular piece of knowledge or information, gets this information 
by asking it from someone who has it. This mechanism is assumed in empirical studies 
on knowledge transfer (e.g. Hansen 1999; Borgatti and Cross 2003), transactive memory 
studies (e.g., Wegner 1987) and the information seeking literature (e.g., Leckie et al. 
1996). We found this mechanism in 16 out of 227 cases. In those cases, knowledge 
sharing was typically associated with the description of research findings, material 
characteristics, theories, technologies and literature. For example, in E234 Herman tells 
the heat transfer coefficient of a certain material to Geoffrey, after Geoffrey asked for it. 
In short, information retrieval is particularly associated with the transfer of fact-like 
information. 
 
  13INFORMATION POOLING  –  SELECTION OF EXISTING CONTENT,  DETERMINED BY EGO, 
ORIENTED AT A SHARED PROBLEM 
In 20 cases, knowledge sharing originated from a selection of information by ego, 
oriented at a shared problem. We labeled this mechanism “information pooling”, in line 
with the literature in which it is assumed (e.g., Stasser and Titus 1987). Researchers 
working together in projects often have to pool information. In E102, a meeting of the 
OPDI project at the NatLab, the members of the project keep each other informed on the 
progress of the subproblems they are working on, tell about meetings they have attended 
and about relevant ideas they have heard. A suggestion system (van Dijk and van den 
Ende 2002) is an institutionalized form of information pooling. Information pooling does 
not only consist of transferring factual information, but may also concern questions, 
suggestions and instructions.  
 
COLLABORATIVE PROBLEM SOLVING - DEVELOPMENT OF NEW CONTENT,  DETERMINED BY 
EGO, ORIENTED AT A SHARED PROBLEM  
This mechanism consists of the development of new content with regard to a shared 
problem. This mechanism is associated with, for example, coming up with suggestions 
for technical solutions, new research ideas and experiments, with the construction of 
arguments and questions and with calculating, trying or observing something on the spot. 
This evokes the image of two persons working together at the laboratory bench or of a 
project team in discussion. These processes have typically been studied in research on 
brainstorming and collective problem solving (e.g., Okada and Simon 1997; Huang and 
Newell 2003). 
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The four knowledge sharing mechanisms described above were found in the episodes 
observed at OGIR and the Group Buijs and correspond to models of knowledge sharing 
that are assumed in particular streams in the literature. Our research hence confirmed 
their relevance. However, three other mechanisms that were frequently used have been 
neglected in the mainstream literature on knowledge sharing. The in-depth grounded case 
study approach enabled us to identify and to characterize them. They are now briefly 
discussed and their value will be clarified further in the next sections.  
 
PUSHING  –  SELECTION OF EXISTING CONTENT,  DETERMINED BY EGO,  ORIENTED AT A 
PROBLEM OF ALTER 
In the origination mechanism called pushing, ego chooses to provide existing information 
to someone else. To that extent pushing resembles diffusion. But contrary to diffusion, 
pushing is oriented toward a problem of alter. Pushing involves the belief that alter needs 
to know something, or that something might be useful for his research activities. Take for 
example E165, one of the 18 episodes in which this mechanism was found. In this 
episode Pete proposes Richard to show him some different printing techniques that he has 
studied. Pete knew that Richard had recently started as a research engineer on a micro-
contact printing project. Pete considered learning something about existing techniques to 
be useful for Richard. Pushing is an activity that is typical for gatekeepers (Allen and 
Cohen 1969; Allen 1977), who monitor (external) developments and transfer to 
colleagues what they deem useful for them.  
  15 
THINKING ALONG - DEVELOPMENT OF NEW CONTENT, DETERMINED BY EGO, ORIENTED AT A 
PROBLEM OF ALTER 
In 37 knowledge sharing episodes, new ideas were developed by ego with regard to a 
problem of alter. We called this type of interaction thinking along with somebody. For 
example, in a certain episode John shows a disc that has broken in an experiment to Peter, 
an expert in fracture mechanics. Peter investigates the disc and draws a conclusion on the 
causation of the fractures. That conclusion did not exist before the interaction. Likewise, 
thinking along may yield new ideas, hypotheses or questions. Thinking along is not 
confined to informal meetings between two researchers. Presentations at group meetings 
and reviews of manuscripts are opportunities to think along as well. 
 
SELF-SUGGESTION - DEVELOPMENT OF NEW CONTENT, DETERMINED BY EGO, ORIENTED AT 
A PROBLEM OF EGO 
Like one can think about somebody else’s problem, one can also think about one’s own 
problem in interaction. The need to explain one’s own problem or the need to defend 
one’s ideas stimulates to come up with new explanations, solutions, arguments and 
conclusions. This mechanism -self-suggestion – was identified 12 times. Above we 
described episode E37, in which Marc comes up with an alternative explanation for the 
coating problem he has. Another example can be found in E53. When Robin is in the 
office of Jason, Jason wonders whether it would be possible to show the working of a 
derotator on an overhead projector. It requires that a rotating and a fixed picture are 
showed simultaneously. Jason himself starts drawing at a whiteboard and soon after finds 
  16that there is a simple way to do it. “Brilliant”, he exclaims, “that is something to show at 
the conference. I have to ask Gerald about that”. Some researchers remarked that they 
purposefully talked to others, not to help those others, nor to get a useful reaction, but to 
force themselves to structure their thoughts. 
 
5. CONTRIBUTIONS OF KNOWLEDGE SHARING MECHANISMS 
A further comparison of episodes with different origination mechanisms for knowledge 
sharing showed that they contribute in different ways to industrial research practices. A 
first-order distinction can be made between direct contributions and indirect 
contributions. Direct contributions are effects of knowledge sharing that are directly 
useful for solving the research problems someone is working on. Indirect contributions 
are those effects that are potentially useful in the future. Table 1 shows that origination 
mechanisms differ in the degree in which they yield direct and indirect contributions.   
 
==== INSERT TABLE 1 AROUND HERE ==== 
 
Not surprisingly, knowledge sharing that is oriented at a problem of alter or a 
shared problem is more likely to yield direct contributions to research practices. This 
holds for the selection of existing information oriented at a particular problem, but also 
for the development of new ideas, hypotheses or questions with regard to a problem of a 
fellow researcher or a shared problem.  
Interestingly though, the characteristics of these direct contributions differ across 
the knowledge sharing mechanisms identified. The mechanism that is most frequently 
  17assumed in the literature, information retrieval, is actually very effective in yielding 
needed factual information, such as information on material characteristics, technologies 
and activities. This fits the traditional interpretation of communication as a process of 
uncertainty reduction (Galbraith 1973; Tushman and Nadler 1978).  
However, other mechanisms contribute directly in ways that differ in three 
respects from the “traditional” uncertainty reduction paradigm. First, knowledge sharing 
that is determined by ego (e.g., pushing and thinking along), frequently contributes to 
knowledge development where no prior question or uncertainty existed. For example, in 
E153 Andrew presents results of his research on the processing of polymer with fibers. 
Andrew assumes particular material properties, but afterwards Frasier expresses doubts 
whether those properties hold when the material has fibers in it. The doubts expressed by 
Frasier spur Andrew to investigate the material characteristics, although he considered 
this research as finished. Second, knowledge sharing that involves the creation of new 
ideas (e.g., thinking along, collaborative problem solving, self-suggestion) often does not 
yield factual information or knowledge in the sense of justified and true beliefs, but 
tentative ideas, quick and dirty evaluations and critical questions. This is also clear in the 
above example. Frasier did not know that Andrew’s assumption was wrong; he just 
expressed his doubts. Third, knowledge sharing may not only reduce uncertainty or 
ambiguity, as the information processing approach assumes (Galbraith 1973; Tushman 
and Nadler; Daft and Lengel 1986), but it may also contribute by creating uncertainty and 
ambiguity. In such a way, knowledge sharing may tempt one to think further on a topic or 
to reflect upon an unforeseen question. As Andrew experienced, knowledge sharing may 
increase the need for reflection in stead of reducing it. 
  18   Many of the interactions that were not oriented at a problem of alter or a shared 
problem did not directly contribute to research practices – though cases of serendipity 
were observed – but they did contribute indirectly (see Table 1).
2 Indirect contributions 
are not immediately useful but may be useful at a later point in time. First, whatever one 
hears at, for instance, a group meeting, and which is not useful now, may turn out to be so 
in the future, because one never knows what knowledge one might need in the future 
(Garud and Nayyar 1994). Second, an important share of indirect contributions consists 
of learning about direct colleagues and other R&D staff. By giving and attending 
presentations and by telling stories at lunch, people do not only learn about new results, 
but they also learn about the problems the presenter works on and the expertise he or she 
has. Chris, a research engineer at the group Buijs, said: “I do not know what the common 
opinion is about me. Maybe they occasionally think ‘my goodness, he is only walking 
around’. But if I am just chatting somewhere, that chatting is purposeful: to stay 
informed about what my colleagues know!” (NL 990817). These indirect contributions 
provide the conditions for future knowledge sharing that is directly useful. We will 
elaborate upon these conditions in the next section.  
 
6. CONDITIONS FOR KNOWLEDGE SHARING 
The previous section provided a first explanation why each knowledge sharing 
mechanism has a distinct value for R&D: they all contribute in different ways to the work 
process and outcomes of R&D staff. The current section will provide an additional 
explanation: different origination mechanisms require different pre-conditions. To 
                                                           
2 The relative frequency of direct contributions stemming from diffusion would be higher when this study 
would have included the use of internal reports and journals. These can be seen as cases of diffusion as 
  19illustrate this, we will discuss the conditions for the different knowledge sharing 
mechanisms that are oriented at a problem of alter. This analysis further provides us with 
insights into facilitating knowledge sharing.  
The three ways (i.e., by alter, by ego and by management) to orient the sharing of 
existing information at a problem of alter or a shared problem are enabled in different 
ways. For information retrieval, the person in need of knowledge needs to detect the 
opportunity for knowledge sharing himself. First, one must have an idea of what 
knowledge is lacking and be able to turn that into a question (Miyake and Norman 1979). 
In an early paper on the construction of TEA-lasers, Collins (1974) describes how 
researchers seemed cooperative by responding to questions asked by visitors from 
competing organizations. But the visitors lacked meta-knowledge on what they could 
learn about the TEA-lasers and therefore did not ask all of the right questions. Since the 
researchers did not themselves originate knowledge sharing, they were able to keep 
crucial knowledge secret. Second, effective information retrieval is enabled by knowing 
who knows what. One of the researchers of the Group Buijs stated: “If I encounter a 
problem, I will first walk around in my group. I will go to Frasier, Henry or Pete, to the 
person of whom I think ‘he is most knowledgeable about it’. You know what your 
colleagues do! If I want to measure the thickness of a layer, I go to Patrick or Mitchell. 
Microscopy, that’s Peter. Image processing, Paul. You ought to know that!” (NL 
990817). The importance of knowledge of the existence and whereabouts of knowledge 
has particularly been stressed in Granovetter’s (1975) analysis of weak ties and in 
transactive memory studies (e.g., Wegner 1987; Hollingshead 1998). Wegner (1987) 
called this knowledge about knowledge ‘meta-knowledge’. It is possible to extend one’s 
                                                                                                                                                                             
well, but libraries and databases provide more opportunities to select from the offered content. 
  20own meta-knowledge with the meta-knowledge of others. At the Group Buijs and OGIR 
it happened frequently that the person who was asked a question did not have an answer, 
but was able to refer the information-seeker to a third person. The NatLab had even 
installed an office called ‘Expert Consult’, specialized in helping researchers to find the 
right person. 
Effective pushing has different pre-conditions and is therefore complementary to 
information retrieval. Pushing may present ideas that alter is unfamiliar with or that alter 
has never thought about. The technologists in the study of Collins (1974) knew what 
information would be valuable to their visitors whereas these visitors themselves did not 
know that. But a prerequisite for pushing is that ego knows about the activities and the 
problems of alter. Take for example E165. Pete knew that Richard was just about to start 
working on a new kind of printing technique and that he could therefore help him by 
telling about the printing techniques he himself had worked on.  
Ego and alter are likely to detect different possibilities for useful knowledge 
sharing. In contrast, the necessary conditions for the effective guidance of knowledge 
sharing by management are infrequently available in research. Management is only 
occasionally knowledgeable enough to know in detail how one person may help 
somebody else by sharing particular knowledge. 
A central requirement for the transfer of knowledge, originated by ego, alter or 
management, is that the required knowledge exists. But researchers are set to work on 
problems for which it is assumed that no solution exists already. Otherwise, research 
would not be necessary. This implies that many questions cannot be answered by 
providing existing information. In that case, colleagues can help by thinking along. Due 
  21to the specific nature of working in a research environment, the development of new 
ideas has an irreplaceable value. But thinking along also requires knowledge about the 
activities and problems of alter, and its outcome is often unpredictable. 
 
7. DISCUSSION AND IMPLICATIONS 
The taxonomy of origination mechanisms for knowledge sharing that has been generated 
in this paper, has important theoretical and managerial implications. Most research 
streams in the literature have limited themselves to the analysis of one particular 
mechanism, without acknowledging this explicitly. This has led to an uncoordinated 
study of knowledge sharing, characterized by a number of biases and the neglect of 
important origination mechanisms. In the future, researchers should either incorporate a 
broad portfolio of mechanisms in their studies or explicate to what knowledge sharing 
mechanisms they limit themselves.  
  By exploring the mechanisms employed in industrial research and by studying 
them simultaneously, we found that different origination mechanisms contribute to R&D 
in different ways and are enabled by different conditions. Therefore, knowledge 
management in R&D should consider a broad portfolio of knowledge sharing 
mechanisms. Our taxonomy can be used to determine which mechanisms are dominantly 
used and which are neglected. As such, it can be a powerful device for the diagnosis of 
knowledge sharing problems. 
Based on this study we cannot conclude on an optimal distribution of origination 
mechanisms and it is doubtful that such an optimal distribution can be determined at all. 
Nevertheless, we can conclude that industrial research requires each of the mechanisms 
  22that were described in this paper. Because of the uncertainty and ambiguity involved in 
industrial research, it is often unclear what valuable knowledge sharing options exist. 
Therefore the detection of knowledge sharing opportunities by alter, ego and 
management is needed. Furthermore, given the fact that much knowledge is not yet 
available in research, the development of new ideas in thinking along, collaborative 
problem solving and self-suggestion is indispensable. For these two reasons the 
codification strategy in knowledge management (Hansen et al. 1999) is not sufficient. 
Codifying knowledge and collecting it in a database or intranet does not stimulate 
indispensable mechanisms like pushing and thinking along. In this paper we stressed that, 
in addition to other factors like infrastructure and trust, knowledge about others is an 
important condition for these mechanisms. This includes both knowledge about the 
knowledge of others and knowledge about the problems they work on. This knowledge 
about others may be facilitated through the origination and the existence of communities 
of practice, as people become embedded in particular communities of practice and as they 
transgress boundaries of multiple communities of practice (Wenger et al., 2002).  
Needless to say, the concepts and findings discussed in this paper should be tested 
and elaborated in further research. It should be explored whether the same origination 
mechanisms can be found in other organizational functions, such as development, 
engineering and marketing. Furthermore, it is an open question whether the importance of 
particular mechanisms varies for organizational departments. Finally, more work is 
required on the facilitation of different mechanisms. Future research would benefit by 
specifying the effects of enabling and constraining factors on different knowledge sharing 
mechanisms. 
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existing content; determined by ego;  
not problem-oriented (diffusion) 
26 5  23 
existing content; determined by ego;  
oriented at problem alter (pushing) 
18 12  8 
existing content; determined by ego;  
oriented at problem ego 
54 12  38 
existing content; determined by ego;  
oriented at shared problem  
(information pooling) 
20 15  4 
existing content; determined by alter;  
not problem-oriented 
8 0  8 
existing content; determined by alter;  
oriented at problem alter  
(information retrieval) 
16 13  6 
existing content; determined by alter; 
oriented at problem ego 
7 0  7 
existing content; determined by alter;  
oriented at shared problem 
5 3  2 
existing content; determined by management;  
not problem-oriented 
3 1  3 
existing content; determined by management;  
oriented at problem alter 
1 1  0 
existing content; determined by management;  
oriented at shared problem 
1 0  1 
new content; determined by ego;  
not problem-oriented 
3 0  0 
new content; determined by ego;  
oriented at problem alter (thinking along) 
37 26  5 
new content; determined by ego;  
oriented at problem ego (self-suggestion) 
12 12  5 
new content; determined by ego;  
oriented at shared problem 
(collaborative problem solving) 
14 12  0 
new content; determined by alter;  
oriented at problem ego 
2 0  1 
total  227 113  111 
 
Table 1: Frequencies of origination mechanisms and their effects 
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